organelles such as granular endoplasmic reticulum. Olfactory axons were irregular in shape and disorganized in their arrangement. All of these features are similar to those of early fetal olfactory receptors (see Discussion).
Discussion
These are early days in the study of pathological changes in anosmia and our findings may be the first recorded in this way. For this reason they are open to some qualification. Only a small number of patients have been examined and this type of biopsy, like all biopsies cannot guarantee that the area seen is representative.
This accepted, our findings do clarify certain questions. It seems that vasomotor or allergic rhinitis does not damage the olfactory organ and that disuse even for more than a decade will not grossly impair the sense of smell. Treatment therefore remains a possibility.
Chronic infection may damage areas of the olfactory organ and this will be replaced with respiratory epithelium. On the other hand this means that islands of normal epithelium may persist and the possibility of at least partial regeneration is not excluded.
Influenza virus appears to cause the destruction of receptors and supporting cells accompanied by scarring of the adjacent tissues. Although individual 'stem' cells capable of giving rise to new receptors may still exist it seems that their possible attempts at regeneration are not effective perhaps because of the pathological changes of the surrounding tissue.
Our congenital case shows an immaturity of receptor structure similar to that seen in fetal animals before functional contact is made with the cells of the olfactory bulb (Cuschieri & Bannister 1975) , and it may be therefore that the abnormality here is one of incorrect or incomplete contact with the central nervous system.
Conclusion:
We have shown within the limits imposed by biopsy methods, the different types of cellular structure found in anosmic patients suffering from allergic or vasomotor rhinitis, chronic infective rhinitis, influenzal anosmia and congenital anosmia. Aberrations of the Sense of Smell in Head Injury and Cerebral Tumours This paper considers the differential diagnosis of lesions outside the nasal passages which may cause disorders of the sense of smell; ethmoidal carcinoma and nasal meningocoeles are excluded.
As with all neurological conditions, the first essential is to spend the greater part of the time available delving into the history. This is especially important if fits have occurred, for it may then be necessary to interrogate relatives and witnesses. There are many people with a defective sense of smell who only become aware of their disability when it is brought to light by litigation or some other circumstance, such as an escape of gas. The next step is a full neurological examination, with particular reference to tests of intellectual function and signs of a change of personality, or raised intracranial pressure and visual field defects. If it is possible to use the more refined techniques for testing olfaction they will provide more information, but the usual test substances such as camphor, coffee, and asafoetida are generally enough, each nostril being examined separately. Plain X-rays of the skull may show fractures, signs of raised intracranial tension, the presence of calcification, or a hyperostosis associated with a meningioma. However, interpretation is often difficult, and abnormalities are sometimes only found retrospectively.
The electroencephalogram (EEG) may not be particularly helpful because the majority of the lesions we are concerned with are extracerebral, and may cause little disturbance of electrophysiological activity. Lesions causing psychomotor or temporal-lobe epilepsy are of course an exception.
First it is necessary to exclude the possibility of a traumatic origin of hyposmia or anosmia. Olfactory fibres which pass through the cribriform plate may be disrupted by frontal fractures, which are diverted towards this area by an oblique bar of thickened bone which crosses the roof of the orbit (Johnson & Dutt 1947) . These injuries are frequently associated with cerebrospinal rhinorrhcea because the dura is torn by an upturned fragment of bone. The brain is trapped in the opening, which communicates with the nasal passages. Repair is effected by placing a sheet of fascia lata over the defect after it has been fully exposed. The olfactory fibres going to the bulb are usually torn on the same side as the defect, and unilateral anosmia may be a help in the often difficult task of locating the source of leakage.
Section ofLaryngology
Furthermore, it is necessary to elevate the frontal lobe in order to place the graft in position, and any remaining olfactory fibres will be destroyed in the process.
Unilateral destruction of the sense of smell is an inevitable accompaniment of the anterior subfrontal exposure of the suprasellar region, but it may be possible to use an oblique approach along the sphenoidal ridge for certain operations, such as the treatment of an aneurysm of the circle of Willis, and in that case the sense of smell can be preserved. Atrophy of olfactory fibres passing through the cribriform plate is a rare cause of spontaneous cerebrospinal rhinorrhoea in women.
Frontal blows occur more often than those in the occipital region, and for this reason, frontal fractures are the most common source of loss of the sense of smell. However, the complication of anosmia is most frequently related to occipital blows, which may only need to be relatively slight, though the symptom is more rarely seen from this cause for the reason mentioned. Holbourn (1943) demonstrated the effect of rotatory forces on the cranium and its contents, and showed that these flail-like injuries produce shearing stresses within the brain substance, and particularly between the brain and its coverings. If a rotatory movement of the brain within the cranium is suddenly arrested, extremely strong forces readily tear the olfactory bulbs away from the cribriform plate. They may even rupture the infundibulum (Daniel et al. 1959) . Leigh (1943) reported the incidence of defects of olfaction in a thousand head injuries admitted to a British Military Hospital during the second World War. In 7.2 % there was damage to the sense of smell. There was complete loss in 4.1 %, and unilateral loss or hyposmia in 3.1 %. It is interesting that recovery only occured in 6 out of 72 cases (8.3 %). Leigh found that if loss of the sense of smell was complete two months after injury, it was extremely unlikely to recover, but Critchley (1969) preferred a margin of two years before regarding the loss as permanent. All but one of Leigh's cases who recovered did so within four months. Perversion of the sense of smell occurred in 12 out of 72 cases, and was sometimes a stage in recovery. However, the perversion may sometimes remain.
Unilateral anosmia is rarely complained of, but it is astonishing that in the series reported by Leigh (1943) only 6 out of 41 patients with complete anosmia complained of loss of appreciation of flavours. This is an experience which can be confirmed among postoperative cases where it is known that the olfactory bulbs have been completely detached. Jefferson (1960) pointed out how well the olfactory tracts are able to withstand compression and distortion. Cushing (1938) stated that an olfactory groove meningioma must be at least 3 cm in diameter before it will cause loss of the sense of smell. He pointed out how difficult it is to test the sense of smell in some of these cases if there is any intellectual impairment. Even in those with normal intellect, the mere act of sniffing sometimes produces imaginary olfactory impressions. Hyposmia as a symptom, is not usually emphasized either by the patient or the doctor, and in Cushing's series of 29 olfactory groove meningiomas, defective olfaction was only detected in 14, 3 of whom ascribed it to exploratory operations on the sinuses. The commonest intracranial tumour to affect the sense of smell is undoubtedly the olfactory groove meningioma, but they are not seen very frequently and only occurred in 9.2 % of his series of 313 meningiomas.
Pressure directly above the olfactory bulbs can produce hyposmia, as in the following case:
Case 1 A woman aged 44 suffered loss of memory over a period of four years and allowed her cooking to burn without noticing. She became increasingly lazy and slept most of the day. For two years before admission, she was incontinent at night. Later, she had some generalized seizures. She was found to have a meningioma of the frontal falx weighing 120 g and measuring 6 x 7 cm. It is even possible for prolonged raised intracranial tension to disturb the sense of smell when the tumour is quite remote from the anterior fossa.
Case 2 A man aged 34 had complete loss of the sense of smell associated with very considerable ventricular enlargement due to obstruction of the aqueduct by a brain stem tumour. When the obstruction was relieved, he developed spontaneous cerebrospinal rhinorrheea because the bone of the anterior fossa had been destroyed in places as a result of pressure. It was necessary to repair the dura to stop the leak, but even before this was done, there was no recovery in the sense of smell.
Tumours of the, pituitary gland occasionally advance in a forward direction. If they do this, they may very rarely affect the sense of smell in the same manner as an olfactory groove meningioma. Suprasellar meningiomas are in a position to do the same thing, and craniopharyngiomas will occasionally extend in this direction. However, it is excessively rare, if ever, that an aneurysm of the circle of Willis or any purely suprasellar lesion causes hyposmia. It would be extremely unwise to base a diagnosis of a lesion in that area on this symptom. It is also extremely rare for intracerebral tumours to distort the sense of smell, although they may be responsible for seizures causing olfactory hallucinations. Osteomas of the orbit and sinuses impair the sense of smell by blocking the nasal passages rather than by neural involvement.
Testing of the sense of smell by neurosurgeons and neurologists is rarely carried out with the degree of thoroughness that would be desirable if it was a more major link in the chain of diagnosis. It is more important to detect the presence of neurological disturbance of olfaction than to estimate the degree. The detection of an abnormality, may be followed by a gamma scan, angiography, pneumoencephalography, or computerized axial tomography if it is available.
Olfactory hallucinations have for so long been related to the uncus that they are often referred to as uncinate fits. They may result from brain injury, tumours, abscesses or the effects of brain damage from anoxia, seizures, and other causes. However, hippocampal sclerosis is rarely associated with an olfactory aura, although it is a common finding in patients with temporal lobe seizures (Falconer & Taylor 1968 ). An olfactory aura was found in 50 % of patients with hamartomatous lesions of the type described by Cavanagh (Falconer & Cavanagh 1959) . However, an olfactory aura may occur when the amygdalum is sclerotic, and can even be found in association with spikes in the EEG recorded from the posterior temporal or inferior frontal regions. Epileptic activity in the anterior part of the temporal lobe should be studied with the aid of sphenoidal leads placed beneath the middle fossa, from which spikes may be recorded that are not visible in convexity tracings. One must remember that spike activity is most frequently seen around the margins of a lesion rather than within the lesion itself, so that it may not always be constantly in the same situation.
Operations are now being performed on the amygdala with stereotactic apparatus. Narabyashi et al. (1963) have used olfactory stimulation with ether as a means of evoking a response to confirm the situation of electrodes in the nucleus. However, an evoked response cannot be obtained in surface recordings of the EEG by this means.
The sense of smell is not affected by removal of the uncus and part of one amygdalum in the operation of anterior temporal lobectomy which is carried out for the treatment of epilepsy. This is because of the bilateral representation of the sense of smell.
